Performance measurement system design for supply chain organizations by Hwang, David Delchi, 1975-
Performance Measurement System Design for Supply Chain Organizations
by
David Hwang
B.S. Electrical Engineering, University of California, Los Angeles, 1997
M.S. Electrical Engineering, University of California, Los Angeles, 2001
Ph.D. Electrical Engineering, University of California, Los Angeles, 2005
the MIT Sloan School of Management and the Engineering Systems Division in Partial
Fulfillment of the Requirements for the Degrees of
Master of Business Administration
and
Master of Science in Engineering Systems
In conjunction with the Leaders for Global Operations Program at the
Massachusetts Institute of Technology
June 2011
0 2011 Massachusetts Institute of Technology. All rights reserved.
MSACHUET INSTTTOF TECHINOLOGY
JUN 15 2011
LIBRARIES
ARCHIVES
Signature of Author_________
Mi1 sloan School of Manageffient, Engiifeerifg Systems Division
*11
Certified by
Deborah Night(igale, TI sis Supervisor
Professor of the Practice, Aeronautics and Astronautics and Engineering Systems Division
Certified by
Ricardo Valerdi, Thesis Supervisor
-- -ystems Division
Certified by
Accepted by
Accepted by
Don Rosenfield, Thesis Reader
'nior I ntuirAr MIT !an n hAnnl of Management
Nancy Leveson, Chair, Engineering Systems Division Education Committee
Professor, Aeronautics and Astronautics and Engineering Systems Division
Debbie Berecnma 1 , Executive Director of MBA Program
MIT Sloan School of Management
Submitted to
This page intentionally left blank
Performance Measurement System Design for Supply Chain Organizations
by
David Hwang
Submitted to the MIT Sloan School of Management and the Engineering Systems Division on May 6,
2011 in Partial Fulfillment of the Requirements for the Degrees of Master of Business Administration and
Master of Science in Engineering Systems
Abstract
This thesis proposes a methodology to create an effective performance measurement system for an
interconnected organization. The performance measurement system is composed of three components: a
metrics set, a metrics review business process, and a dashboard visualization technique to display the
data. If designed according to the proposed methodology, the combination of these three elements
produces a performance measurement system which drives behavior, creates accountability, and fosters
continuous organizational improvement. The proposed methodology has been demonstrated by its
application to a supply planning organization within a major technology manufacturing company.
Specifically, the performance measurement system of this supply planning organization was redesigned
using the proposed methodology and pilot-tested over the course of a six-month period. First, the metrics
set was redesigned based on alignment to strategic objectives and grounded in metrics design
fundamentals. Second, the business process to review the organization's metrics and spur action was
streamlined and redesigned for maximum impact and engagement. Finally, a visualization dashboard was
created to communicate key metrics clearly to all members of the organization. The resulting performance
measurement system demonstrates the effectiveness of the proposed methodology and has been adopted
as the system-on-record for the organization. Broadly speaking, the principles of performance
measurement design provided in this thesis can be applied to other interconnected organizations.
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1 Introduction and Thesis Overview
Large manufacturing organizations have a long history of using metrics to assess performance.
Throughput, yield, inventory levels, and changeover times are all well-known metrics that are used to
quantify the health of a factory or production facility. However, within a manufacturing organization
there are typically several indirect support groups which assist the manufacturing group. These groups,
such as supply planning and materials purchasing groups, are necessary to ensure production takes place
efficiently and optimally. Though the performance of these groups may not directly contribute to the
manufacturing processes, they can potentially affect their outcomes, leading to performance attribution
issues.
As an example, consider a factory measured on a particular set of metrics such a throughput, changeover
efficiency, and product quality. When the factory is meeting all required metrics, both the manufacturing
group and the support groups can state that they are performing well. However, when a factory misses its
target, a potential attribution issue emerges: the manufacturing group can claim the support groups did not
perform their duties well, while the support groups can claim the manufacturing group's poor
performance was at fault. Thus it is difficult to discern the root cause of the problem, frustrating the
ability of the overall organization to continuously improve.
To solve this attribution issue, it is best for each support group to have its own metrics set which
measures its own performance independent from, though in alignment with, the manufacturing group.
Each support group's measurement system should ideally possess metrics that are under the sole influence
of that group, and should decouple the performance of that group from other groups with which it
interacts. Thus when the previous situation emerges, i.e. a factory misses its targets, the actual problem
can be readily attributed to the correct group and countermeasures can be taken accordingly.
In this light of this background the question remains: how should one go about designing the metrics and
measurement system for an individual group within an interconnected organization? This thesis attempts
to answer this question by proposing a methodology to design a group-level performance measurement
system. The thesis will demonstrate this methodology by using a case study approach, focusing on a
performance measurement system that was designed and implemented for the Factory Supply
Manufacturing Planning (FSMP) group at Semicorpe'.
1.1 Company Background
Semicorpe is a large technology manufacturer and a dominant player in its specific market space, with
billions of dollars in annual revenues. Founded several decades ago, it has grown to become a leader in
both design and manufacturing, with a well-known reputation for technical and production excellence.
Semicorpe is composed of ten manufacturing facilities distributed throughout the world, with locations in
the United States, Europe, and Asia. The primary function of these manufacturing facilities is to take in
raw materials and produce semi-finished electronic products via a series of finely-controlled
manufacturing processes. After processing in these plants, the semi-finished products are shipped to one
of Semicorpe's assembly and test facilities which completes the manufacturing process and performs a
series of functional verification tests. Upon completion of these steps, the finished products are boxed and
sent to their appropriate distribution centers for eventual delivery to the customer.
The research project discussed in this thesis focuses on the Factory Supply Manufacturing Planning
(FSMP) group within Semicorpe. FSMP consists of over 100 employees distributed throughout the ten
manufacturing plants around the world. FSMP is a supply planning group: it plans all production for all
plants throughout Semicorpe's manufacturing network, serving in a support role for Semicorpe's
manufacturing group.
The FSMP organization consists of a head manager and 14 groups worldwide, most of which are
collocated with Semicorpe's plants. Of the 14 groups, ten are core planning groups, and four are
specialized groups. The ten core planning groups each perform the same function for a different plant
Semicorpe is a pseudonym for the actual company name used to protect confidentiality
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throughout Semicorpe's network. The four specialized groups perform different functions, both from the
core planning groups and from one another. The organization chart of FSMP is shown below:
FSMP Head
Group 1 Group 6
Group 2 Greoup 7
Group 3 Group 8
Group 4 Group 9
Group 5 Group 10
Core Planning Groups
Group 11
Group 12
Group 13
Group 14
Specialized Groups
Figure 1. FSMP organizational structure.
The function of the ten core planning groups can be briefly summarized as follows:
* Supply planning and strategic capacity planning. Schedule production for all plants,
coordinate with high-level corporate planning to meet supply/demand needs, and manage plant
manufacturing parameters.
* Production control. Implement detailed production schedules, handle cross-processing between
plants, and manage product-specific equipment for plants.
The functions of the four specialized groups are not discussed due to confidentiality, but it is sufficient to
note that their functions are both distinct from the core planning groups as well as from one another.
Approximately 75% of the headcount in FSMP is in the core planning groups and 25% is in the
specialized groups.
1.2 Project Background
Prior to the research project discussed in this thesis, the FSMP organization had a performance
measurement system in place that consisted of a balanced scorecard [7]. Each month, the FSMP head
would hold a special staff meeting with managers of the 14 groups during which the balanced scorecard
was reviewed. On the balanced scorecard were 16 metrics used to measure the organization, partitioned
into four metrics categories: financials and productivity, people, customer satisfaction, and internal
business processes. An obfuscated sample of the monthly scorecard with obfuscated data and generalized
metric names is shown in the following figure:
New Product Q3 90%
Customer 80% 40
Planning A (Type 1) 90.0% +
LbrProductivity 1.4-2.6 Planning A (Type 2) 90.0% @0 Loan Q2: >17
Financial < 100% 0 yA <I Ergonomics TBD 40
Hedont < 100% 40 Safety B > 3:1 + Managerial >7 1* 5
Safety C 100% +
Training A Q3:3 of 3 4
Training 8 Q3:4 of 4 1
Training C Q3:4 of 4 +
Figure 2. Semicorpe FSMP balanced scorecard.
However, as time passed the organization began to recognize that the balanced scorecard approach had
deficiencies. The primary deficiency was that the scorecard did not drive action or change behaviors
within the organization. The process had devolved into a formality-the metrics review meeting was held,
little if any action was taken based on the metrics, and the balanced scorecard was essentially forgotten
until the next month's meeting. In other words, the performance measurement system had almost no
direct impact on the performance of the FSMP organization.
As will be discussed further below, an effective performance measurement system consists of three
foundational elements: a well-defined metrics set, a behavior-changing business process, and a
visualization tool to display metrics to all members of the organization. Using this as a framework to
evaluate the current FSMP performance measurement system, deficiencies were apparent in each of these
elements:
e Metrics set. The metrics set was flawed. Several metrics were not under the control of the FSMP
organization and thus were not actionable. In other words, there were no direct actions that could
be taken by FSMP employees that could alter the outcome of the metrics. Some of the metrics
were not strategic or meaningful, leading the FSMP team to question the reason why the metrics
were being tracked. Some metrics were not attributable-if the metric was failing it was difficult
to ascertain which group or which person within FSMP was responsible for the failure. In
addition, the metrics set as a whole was incomplete, not measuring the performance of a
substantial portion of the organization. These issues, and others similar to them, led to a
discontent with the current system, resulting in the metrics set not being taken seriously.
e Business process. The business process used to generate the metrics and review the balanced
scorecard was problematic. The collection of data was not standardized, but instead consisted of a
series of email inquiries and replies between various members of the organization, sometimes
causing delays in reporting. The balanced scorecard itself was a presentation file in a shared
server; however only the 14 managers of FSMP had access to the file, leaving most of the 100+
employees unclear of what the organization was being measured on.
* Visualization. Finally, the visualization of the balanced scorecard had flaws. The scorecard did
not have drill-down capability: if a metric was aggregated across all ten plants and the overall
metric failed, it was not clear which plant was causing the problem. The scorecard also failed to
show historical trending data in a clear manner, making it impossible to determine if performance
levels indicated an anomaly or a more disconcerting negative trend.
Thus, it was quite clear that the current metrics set and performance measurement system was deficient
and could be significantly improved. To address this deficiency, in 2009 a manager within FSMP led a
study with an MIT Leaders for Global Operations Fellow to analyze the deficiencies of the current
metrics set using an X-matrix, as part of a recent lean initiative developed at Semicorpe [1]. The X-matrix
[2] is a lean tool that shows correlation between strategic objectives, metrics, key processes, and
stakeholder values. In an efficient and effective organization, each strategic objective should have an
accompanying metric or metrics, and each key process should have an accompanying metric or metrics.
The X-matrix which was created for the FSMP organization is shown below.
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Figure 3. Semicorpe FSMP X-matrix analysis [31
In the X-matrix, a blue, dark square signifies a strong correlation, an orange, light square signifies a weak
correlation, and a blank square signifies no correlation. Summations of the correlations are provided in
the outer rim of the X-matrix. In an X-matrix analysis, a high density of blank squares indicates there may
be misalignment between strategic objectives. The X-matrix analysis for the FSMP organization had a
high density of blank squares, confirming to the FSMP head and all the managers that the current metrics
set and balanced scorecard approach was deficient and required improvement.
.............. .... .............
With this background, a six-month project was commissioned to address the deficiencies with the current
performance measurement system and to put a new system in place. This six-month project serves as the
backdrop for the research performed in this thesis. The goal of the project, in brief, was to redesign the
FSMP performance measurement system to drive behavior change and accountability, foster a spirit of
continuous improvement, and improve organizational performance.
1.3 Hypothesis and Research Approach
The hypothesis of this thesis is as follows: there are three essential factors of an effective performance
measurement system in an interconnected organization: a well-designed metrics set, an effective business
process to review and take action on the metrics, and a clear visualization tool to communicate progress to
the entire organization. The absence of a single factor greatly reduces the probability of long-term success
of a performance measurement system. Expanded further, these factors are:
* Metrics set. An effective performance measurement system requires a well-designed metric set.
Each metric in the set should be actionable and strategic, and should drive the right behaviors in
the organization. The metrics set as a whole should be concise, complete, balanced, and aligned
to other parts of the organization. Detailed analysis of how to design an effective metrics set is
discussed in chapters 2 and 3.
* Business process. The performance measurement system also requires a well-designed metrics
review business process. This business process should include clear steps on how to gather the
metrics data, who should review the data and when, and what specific actions should be taken
based on the status of the metrics. A discussion of the business process will take place in chapter
4.
" Visualization. The final component of an effective performance measurement system is the
proper visualization of the metrics. The visualization of the metrics set should be accessible to all
members of the organization, possess drill-down capability to deep-dive into root causes of metric
failure, and show trend information-all in a clear and concise manner. Visualization will be
discussed further in chapter 5.
These three aspects of an effective performance management system will be demonstrated via a case
study approach. The case study in question is the redesign of the FSMP performance measurement
system. By following the redesign of the metrics set, business process, and visualization for FSMP,
general principles will be discussed and inferred, which can be applied to any interconnected
organization. It should be noted that this thesis discusses these three elements-metrics set, business
process, and visualization-as three sequential steps. There is indeed overlap and iteration between the
three elements, but for the sake of clarity the thesis will discuss them as three discrete steps.
1.4 Thesis Outline
The remainder of this thesis discusses the research steps taken to generate a performance measurement
system for a specific group within an interconnected organization. The thesis is organized as follows.
e Chapter 1: Introduction and Thesis Overview
e Chapter 2: Characteristics of a Good Metric
e Chapter 3: Metrics Set Design Methodology
* Chapter 4: Business Process Design
* Chapter 5: Visualization and Dashboard Design
e Chapter 6: Results and Concluding Remarks
1.5 Confidentiality
The name of the corporation and the data presented has been scrubbed, artificially created, and/or
obfuscated to protect confidentiality.
2 Characteristics of a Good Metric
Metrics are an integral part of almost all facets of society. To improve organizations, businesses, schools,
hospitals, etc. it is often the case that metrics are put in place to measure progress toward a specific goal.
It is important that the metrics selected are the right ones to measure an organization-otherwise backlash
and unintended consequences can result.
As an example of metrics and the ramifications of controversial metrics design, in August 2010 the Los
Angeles Times [4] posted a list of the teachers in the Los Angeles Unified school district ranked from the
best to the worst based on the annual percent increase of their students' scores on the California Standards
Test. A sample score from the top third grade teacher is shown in the following figure. This seems to be a
reasonable metric at first glance. However, what was striking is that the Los Angeles Times compiled the
data, culled together by a RAND Corporation researcher, and published it without consent from the LA
Unified School District, the teachers union, or other academic administrators. The result was a serious
turmoil, which at the heart asked the question: is this the right way to measure and rank our teachers?
A 3rd grade teacher at Middleton Street Elementary in 2009
ThsUegraphs Amosteaches'valie-ieided" rtinghasednhierberstodmtes'progressanthe
California Standards Testu in math and English. Th'ntemnalysisused al valid studentscores
available for this teachserfrom the oo-osthroughnooo8-o acadayears .'e value-edded
score reflect atsdwerseffetivenesstrimngslandardiedtestseoresand, ass*h, cptureesdy
oneaspectofateache'swork.
overallv-a----Alea coetvesse
Least effective Less effective Average More ffective Most effective
Math efemmeess IA
Compand with other Lme Angeles Unifiedteacherson the vahie-added mesinre of test see
imrovenment, Aecata Reynosa r nked:
SMost asective averai.
e Most efective ain =ath. Students e1tesaers in this eategory, on average, gained about n
percentie points on the California Standards Teat compared with other students at thdr
sae level.
Figure 4. Los Angeles teacher effectiveness metric 141.
Immediate outcry came forth from the school district and from the teachers union. One argument against
the metrics was made on behalf of teachers who felt they were the best in the district. They argued that
....... ........ ........... ......
since they were the best teachers by reputation, they were given the best students who scored at the top of
their class on tests. Thus the ceiling for improvement was limited, since the beginning of year score was
so high to begin with. However, they argued, they could subsequently be ranked as one of the worst
teachers in the district because of the methods the Los Angeles Times used to evaluate them, namely
marginal increase in test scores. This thesis is not concerned with methods to measure educational
improvement, which is the subject of multitudes of academic theses; the point to be made is that it is
important to get metrics right, lest there be serious repercussions.
Thus the question to be asked is: how does one decide on which metrics are appropriate for an
organization? This thesis proposes that metrics should perform well along thirteen characteristics, which
are deemed as the characteristics of a good metric set. We propose that if metrics perform well on these,
then they are likely to drive the intended behavior.
2.1 Prior Art: Performance Measurement System Overview
Before delving into detail on metrics, this section of the thesis provides a brief overview of performance
measurement systems. The following section will discuss prior art in effective metrics design. According
to Nightingale and Rhodes [5], performance measurement is the process of measuring efficiency,
effectiveness and capability, of an action or a process or a system, against a given norm or target.
Specifically, effectiveness is a measure of doing the right job-the extent to which stakeholder
requirements are met, efficiency is a measure of doing the job right-how economically the resources are
utilized when providing a given level of stakeholder satisfaction, and capability is a measure of ability
required to do both the job right and right job, in the short term as well as the long term.
The origins of performance measurement systems came about in the 1980's and 1990's. During this time
period, researchers noted a disconnect between current performance systems, which were based on
traditional accounting measures, and the overall health or performance of the enterprise [6]. Traditional
accounting measures were seen to be financially based, backward looking, and short term focused; as
such, these measures bore little relation to the long-term strategic objectives of the enterprise [7]. Thus in
this era researchers developed new, balanced performance measurement systems which included non-
financial aspects to align measures to strategic objectives and overall enterprise performance.
Interestingly, since performance measurement of enterprises was a multi-disciplinary subject, research in
this field took place in different academic fields such as management, manufacturing, and operations
strategy.
Performance measurement usually has a tangible purpose associated with it. Behn [8] provides an
excellent overview of eight managerial purposes for measuring performance. His work describes
performance measurement in the context of government agencies, though it is applicable to generic
enterprises. The eight purposes of measuring performance are as follows [9]:
e To evaluate: how well is my enterprise performing? Enterprises use performance measurement to
understand how well the enterprise is performing in relation to goals, historical trends,
competitors, etc.
* To control: how can I ensure my subordinates are doing the right thing? Enterprises use
performance measurement as a means to set certain standards and verify pertinent parties are
complying with those standards.
e To budget: on what programs, people, or projects should my enterprise spend money? Managers
may use performance measurement data to aid them in the allocation of resource expenditures.
* To motivate: how can I motivate my stakeholders to do the things necessary to improve
performance? Performance measurements can be used to create stretch goals and track the
progress toward those goals, which provide motivation to stakeholders.
e To promote: how can I convince superiors and stakeholders that my enterprise is doing a good
job? Using performance measurements, a manager can show his/her superiors and stakeholders
that his/her performance is improving and gain external recognition.
* To celebrate: What accomplishments are worthy of the important ritual of celebrating success?
Meeting measurable goals can give rise to celebration, which rewards all stakeholders for their
hard work.
* To learn: why is what working or not working? Performance measurement can be used to
diagnose what the current problems are in the enterprise and help in root-cause analysis.
* To improve: what exactly should we do differently to improve performance? This is a crucial
purpose, as the lean movement of continuous improvement (kaizen), for example, requires
continuous access to data.
The most common example of a performance measurement system is the balanced scorecard [7],
developed by Kaplan and Norton, who felt financial measures were not enough to give managers a long-
term view of the progress of their enterprises. Thus they created the balanced scorecard (BSC)
performance measurement system, which, in addition to financial metrics, added the perspectives of the
customer, internal business processes, and learning and growth. A view of the balanced scorecard
approach is shown below.
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Figure 5. Kaplan and Norton's balanced scorecard [151.
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The balanced scorecard attempts to strike a balance between internal and external factors, financial and
nonfinancial factors, and short-term performance and long-term strategy. For each of the four factors-
financial, internal business processes, learning and growth, and customer-a scorecard is created which
lists objectives, measures which align with the objectives, targets which are goals for each measure, and
initiatives which are actions that can be taken to help meet the objective. The balanced scorecard is the
most popular and well-known performance measurement system. Other performance measurement
systems include the Neely approach [9], the Performance Prism [10], and the Mahidhar approach [11].
For a comprehensive discussion on performance measurement systems the reader is referred to the work
of Mahidhar [11].
There are a number of published works showing successful outcomes of performance measurement
systems in industry including Mobil [6], DHL [6], Nike [12], and Raytheon [13]. Eccles [14] notes there
are three important factors for the successful implementation of a performance measurement system:
* Developing information architectures with supporting technology
e Aligning incentives with the measurement system
* Driving leadership is provided by the CEO (or head of the organization)
2.2 Prior Art: Characteristics of a Good Metric
This section discusses some of the major research published regarding characteristics of effective metrics.
The reader is referred to [16] to find a detailed discussion on this topic.
First it is helpful to define the word metric. Hubbard [18] defines a metric as a quantitatively expressed
reduction of uncertainty based on observation. According to Kitterman [16] [17], a metric is a quantified
value of an attribute, which is compared to what is expected, and which is used to make a decision. This
definition will be used in this thesis. A metric is also known as a key performance indicator (KPI), with
the slight nuance that a KPI is a metric that is particularly significant to the organization. There are a
number of heuristics regarding metrics which help to capture the importance of metrics in management,
which can be used to drive behavior and effect change:
* "What gets measured, gets managed" (Schmenner and Vollmann) [19]
* "What you measure is what you get" (Kaplan and Norton) [7]
* "You are what you measure" (Hauser and Katz) [20]
* "You can only manage what you can measure" (Drucker) [21]
2.2.1 Literature on Positive Characteristics of a Good Metric
Literature discussing the effectiveness of metrics typically either provides positive characteristics of good
metrics or negative warnings of bad metrics. Nightingale and Rhodes note that a "good" metric satisfies
three broad criteria [5]:
* Strategic. A metric should enable strategic planning and drive deployment of the actions required
to achieve strategic objectives, ensure alignment of behavior and initiatives with strategic
objectives, and focus the organization on its priorities.
* Quantitative. A metric should provide a clear understanding of progress toward strategic
objectives, provide current status, rate of improvement, and probability of achievement, and
identify performance gaps and improvement opportunities.
e Qualitative. Be perceived as valuable by the organization and the people involved with the
metric.
Nightingale also notes that a metric should possess the characteristics as follows:
e Meaningful. Metrics should be meaningful, quantified measures.
* Actionable. Metrics must present data or information that allows actions to be taken, specifically
a metric helps to identify what should be done and helps to identify who should do it.
* Tied to strategy and core processes. Metrics should be tied to strategy and to core processes to
indicate how well organizational objectives and goals are being met.
* Foster understanding and motivate improvement. Metrics should foster process understanding
and motivate individual, group, or team action and continual improvement.
Lermusi [22] notes that a good metric should possess the following attributes:
" Aligned with business strategy. Metrics should be aligned with corporate objectives and
strategy.
* Actionable and predictive. A metric must provide information that can be acted upon and even
trigger action.
* Consistent. The way in which everyone within the organization measures the metric should be
consistent.
* Time-trackable. A metric should not stand alone but should be seen in a trend and tracked with
time.
e Benchmarked with peers. A metric should be able to be compared with benchmarks across a
peer group.
One familiar acronym when applied to metrics is SMART metrics. SMART metrics [23] are an acronym
for the following characteristics:
e Specific. The metric should be narrow and specific to a particular part of the organization or a
specific function or outcome.
* Measurable. The metric should be able to be measured.
* Actionable. The metric should drive action within the organization.
* Relevant. Information provided from the metric should be relevant to the organization.
e Timely. The data obtained should be fresh enough to make decisions in a timely manner.
Eckerson [24] provides a list of twelve characteristics of effective performance metrics:
* Strategic. Metrics should align with the strategic objectives of the organization.
* Simple. Metrics should be simple enough to explain and understand.
* Owned. Metrics should have a clear owner with accountability.
" Actionable. Metrics should be able to be influenced via corrective actions.
* Timely. Metrics should provide data that is timely enough to be useful to the users.
* Referenceable. Metrics should be traceable and have clear data origins so that the metric and its
underlying data are trusted.
* Accurate. Metrics should not be created if the underlying data is not reliable.
* Correlated. Metrics should be correlated with desired behavioral outcomes.
e Game-proof. Metrics should not be able to be easily "gamed" to meet the required objective,
which drive the wrong behaviors.
* Aligned. Metrics should be aligned with corporate objectives and not undermine each other.
" Standardized. All terms and definitions should be standardized across the organization.
" Relevant. Metrics have a "natural life cycle" and should be re-evaluated when no longer
effective.
Based on this literature common themes arise, such as metrics which are strategic and actionable, which
will be incorporated into our list of metrics characteristics.
2.2.2 Literature on Common Mistakes in Metrics
There is also data in the literature which provides lists of warnings when designing metrics. Hammer et
al. have provided a list of seven deadly sins of performance measurement. These are enumerated below
[25]:
" Vanity: Using measures that will inevitably make the organization and its managers look good.
* Provincialism: Letting organizational boundaries and concerns dictate performance metrics.
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* Narcissism: Measuring from one's own point of view.
* Laziness: Assuming one knows what is important to measure without giving it adequate thought.
* Pettiness: Measuring only a small component of what matters.
* Inanity: Implementing a metric without giving any thought to the consequences of these metrics
on human behavior.
* Frivolity: Not being serious about measurement in the first place.
Blackburn [16] has incorporated elements of Hammer and created a list of common metrics mistakes
based on an extensive survey of metrics literature. The reader is referred to the full thesis for further
details but Blackburn's list of six common mistakes and their original source references are provided
below [16]:
* Not using the right measure or choosing metrics that are wrong [26] [19] [20].
* Having metrics reflect functions as opposed to cross-functional processes [25] [27].
" Assuming one knows what is important to measure without giving enough thought or using
measures that intentionally make you look good [25].
* Measuring only a part of what matters, measuring from your view rather than the customers, or
forgetting your goal [20] [25].
" Implementing metrics that focus on short-term results, or that do not give thought to
consequences on human behavior and enterprise performance [26] [19] [20] [28] [25] [27].
* Having metrics that are not actionable or hard for a team/group to impact, or collecting too much
data [26] [20] [27].
2.3 Proposed Characteristics of a Good Metric
In this thesis we propose thirteen characteristics of a good metric. To be more specific: seven
characteristics of a good metric and six characteristics of a good metrics set. Our contribution to the
literature is that it is important to distinguish between a metric and a metrics set: a metric is a single,
standalone entity used to measure a specific part of the organization; whereas a metrics set is the
conglomeration of all metrics for that particular organization. The metrics set, composed of individual
metrics, is what would be displayed on a dashboard or visualization tool and would be reviewed at regular
intervals. It is important to design individual metrics carefully as well as design the metrics set as a whole
carefully. As shall be discussed below, it is very possible to have each individual metric be excellent yet
still have a deficient metrics set. The seven characteristics of a good metric and six characteristics of a
good metric set are provided below. They are not discussed in particular order, though strategic and
actionable are, based on the results of this research, the most important.
A metric should be: A metrics set should be:
#1 Strategic
#2 Actionable
#3 Timely
#4 Easily Explained
#6 Worth Collecting
#7 Relevant
#8 Taken Seriously
#9 Concise
#10 Complete
#11 Balanced
#12 Aligned
#13 Visible
Figure 6. Characteristics of a good metric.
2.3.1 #1 Strategic
The first characteristic of a good metric is that the metric should be strategic. According to Eckerson [24],
"A good performance metric embodies a strategic objective. It is designed to help the organization
monitor whether it is on track to achieve its goals. The sum of all performance metrics in organization
(along with the objectives they support) tells the story of the organization's strategy." A metric should be
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aligned directly or indirectly with a strategic objective of the organization, else there is the possibility of
measuring something without true organizational value.
Related to the matter of a metric being strategic is the matter of a metric being meaningful; a metric
should provide meaningful information to help managers make decisions. For example, during the project
at Semicorpe, regarding a particular metric an employee mentioned, "Why are we measuring this? We
never use it to make any decisions or take any action." In other words, the employee did not see any value
or meaning in the metric, causing the metric to be a formality rather than an agent to drive behavior
change. It is crucial that all members of the organization find value in the metric, which value is often
created when the metric is aligned to a top-level strategic objective.
2.3.2 #2 Actionable
The second characteristic of a good metric is that is actionable. Actionable means that someone within the
organization should be able to take a specific action to impact the metric's outcome. For example, if a
metric goes from a "green" passing state to a "red" failing state, there should be some specific action that
can be taken to bring that metric back into the "green" state. If a metric is not actionable it can lead to
frustration or apathy, or both, on the part of the members of the organization.
A clear way of telling if a metric is actionable is as follows: if the outcome of a metric is not under the
control or influence of the organization, it is not actionable. As an example of this, at Semicorpe there is a
metric which measures how fast new product introductions are executed within a factory. The planning
group within most factories at Semicorpe has some control over this metric. However, for one planning
group, this particular task is performed by a completely different organization, yet the outcome of that
metric still counts against the planning group, which brings frustration. This is a prime example of a
metric that is not actionable because it is not under the control or influence of the organization.
In relation to a metric being actionable, it should be known who should take action on that metric, i.e.
clear ownership should be assigned, and what action should be done. For metrics that are aggregated, this
often requires drill-down capability in the metrics dashboard. For example, consider a metric that
aggregates the total percentage of on-time transactions in an organization of ten subgroups. If the metric
turns "red" and falls below a target percentage, then one or more of the subgroups has failed. However the
metric is not actionable unless the metric has drill-down capability to identity which of the ten subgroups
is underperforming. Without this granularity it is difficult to spur action because each of the ten subgroup
managers can easily assume his/her subgroup is performing well while the others are underperforming.
With proper drill-down capability, it becomes readily apparent where the problem is and who needs to
take an action to correct it.
2.3.3 #3 Timely
A good metric should be timely, that is, provide data that is timely enough to make managerial decisions.
The time window is of course dependent on the particular organization, function, industry, etc. However,
metrics data becomes stale and it is important that the data is used properly while it is still fresh.
For example, at Semicorpe, the metrics review process occurs monthly. A problem that occurs at the
beginning of the month may not be visible to all members of the organizations until the review cycle.
Often the review cycle does not take place until two or three weeks after the month has ended to allow for
time to compute the metrics and verify the data. Thus it is possible that the metrics review does not take
place until six or seven weeks after the incident at fault occurred. By that time most likely the problem
has been solved (if important), but nonetheless the data has a risk of no longer being timely.
2.3.4 #4 Easily Explained
The fourth characteristic of a good metric is that a metric should be easily explained. In other words, it
should be clear to every member of the organization what the metric is measuring, how the metric is
being measured, and why the metric is being measured. If a metric cannot be easily explained and
understood by the team, it is difficult for that metric to drive meaningful behavior change.
At Semicorpe one metric that had been in place was a labor productivity metric. The goal of the metric
was to obtain an estimate of the planning headcount required to support the planning capabilities in
factories across of Semicorpe's network. Taking in data such as the volume of the factories, the product
mix of the factories, etc. and assigning ratios to these data, this aggregate number was then normalized
into a ratio that was assumed to be "green" or passing when the number was between 1.4 and 2.6.
Throughout various interviews at Semicorpe it became clear no one within the organization knew exactly
how this metric was being calculated, other than the person who performed the calculation each month.
Similarly, a large plurality of the team did not understand the exact use of the metric and felt the range
from 1.4 to 2.6 was somewhat arbitrary; it was difficult to understand what a 2.7 score exactly meant.
This metric is an example of one that is not easily explained, and one which was eventually pruned from
the metrics set.
2.3.5 #5 "Right Behavior Driving"
The fifth characteristic of a good metric is that the metric is "right behavior driving." As discussed
previously metrics drive behavior, however, a manager should consider what specific behaviors the
metric will indeed encourage.
An example of this is a study used by MIT concerning Continental Airlines recovering from bankruptcy
in the 1990's [29]. During this time, management insisted in cutting costs; since fuel cost was very high
management set in place a metric to track fuel use reduction. They also incentivized pilots to focus on this
metric. The result was that pilots changed their behavior by lessening air conditioning in the cabins and
flying slower. The pilots met their metrics but customers were uncomfortable during flights and unhappy
with the delays. Some customers defected to other airlines, leading to lower overall revenues. Thus, the
metric was met but the underlying wrong behavior caused a negative impact to customer service and
revenues.
Another example of this type of a metric driving wrong behavior can be seen in the work by Hauser in his
study of call centers [20]. The goal at hand was to devise a metric to improve customer service, which
was expected to be provided by giving customers quick answers. Thus a metric was devised to measure
how many phone calls each customer service representative took per hour (among other metrics). The
behavior this drove was to unknowingly incentivize customer service representatives to provide the most
convenient answers to rush the customer through the queue. Some representatives would even hang up on
a customer without saying anything, in order to improve their scores on this metric. Soon the company
realized that customer service was not improved, and understood that a customer did not necessarily want
a quick answer but an accurate one. Systems were put in place to ensure better customer service accuracy
after this realization. This anecdote shows the necessity of designing metrics carefully to incentivize the
right behavior.
An anonymous manager at Semicorpe once mentioned, "Give me a metric and I will perform to it."
Implicit in this comment about metrics is that a person will work to meet the metric if they are judged on
it, yet the behaviors displayed to meet this metric will not necessarily be the ones the metric designer
intended.
A consultant from the Lean Enterprise Institute once noted that in starting a lean consulting project, one
of the first questions he asks a factory manager is, "What is your bonus based on?" [30]. This implies
there can be a correlation with adverse behaviors of a manager with the performance incentives or metrics
of that manager.
To create a metric that drives the right behavior one must ask if this metric is indeed the best way to
measure the underlying attribute, and consider in advance the potential ways to meet this metric while
exhibiting wrong behaviors. Giving a thorough consideration to this matter and to the notion of "gaming
the system" will help to alleviate future problems with that particular metric.
2.3.6 #6 Worth Collecting
The sixth characteristic of a metric is that it should be worth collecting. According to Valerdi [31], the
"potential benefit of information gained from a metric should exceed the cost of obtaining it." At
Semicorpe the metric discussed previously, the labor productivity metric, takes a great deal of time and
effort to mine through the data, perform the calculations, and publish the results each month. However,
the value of information obtained from the metric does not warrant the amount of time required to obtain
the metric data itself.
There are certainly metrics which require a great deal of effort, either human or computational, which are
important for an organization and which warrant the high cost of information retrieval. However, for
marginal metrics, careful consideration should be given to understand if the work put into calculating the
metric is worth the result.
Related to this point is the fact that often "close enough" is good enough when making decisions on
metrics. For example, at Semicorpe in the planning group there was a supply planning metric that would
require a major revamp to IT systems in order to obtain an accurate measure of the metric. However, an
absolutely exact measurement was not required to make decisions, as a rough estimate would serve this
purpose. Thus Semicorpe devised a solution in which a rough estimate could be calculated quickly and
efficiently within the current IT system, which suited the purpose of the organization.
An excellent example of data that is good enough is the story of Enrico Fermi as detailed by Hubbard in
[18]. Enrico Fermi was a nuclear physicist and professor, one of the key contributors to the Manhattan
Project, and the winner of the Nobel Prize in 1938. He was an expert at approximating answers to
physical values that at first glance would seem difficult to ascertain their exact values. The most famous
of these questions is one he posed to his students, asking them, "How many piano tuners are there in
Chicago?" Not knowing the answer Fermi would show them a quick method to obtain a rough estimate.
According to the numbers used by Hubbard, Fermi would assume there were 3 million people in Chicago
at the time, with an average of 3 people per household, giving 1 million households. Assuming 1 in 20
were households with regularly tuned pianos, and the required frequency of tuning is one year, this would
result in approximately 50,000 pianos which would need tuning per year in Chicago. This is the demand
side of the equation.
On the supply side he would assume a piano tuner could tune 5 pianos per day, and a piano tuner works
say 250 days a year. Thus each piano tuner could tune 1250 pianos per year. Since there were 50,000
piano that needing tuning per year, there should be approximately 40 piano tuners in Chicago.
The result provided an order of magnitude estimate only, but one that was close enough; it is likely there
were not 4 or 400 piano tuners in Chicago at the time. Though not strictly a measurement but more of an
observation, Fermi illustrates that in certain circumstances data that is good enough can suit the purposes
of the organization.
2.3.7 #7 Relevant
The last characteristic of a good metric is that it is relevant. Eckerson [24] notes that a metric may have at
one time been quite suitable and appropriate for the organization but it may have outlived its useful
lifetime. In such a case it should be pruned from the metrics set.
A metric can outlive its useful lifetime in a number of ways. One way is that the underlying attribute the
metric is trying to measure may not be of importance or relevance to an organization. For example, during
austere times an organization may have a metric to keep track of maximum headcount for headcount
reduction purposes; this is a salient metric that may send ominous signals to the members of the
organization during steady times, and thus for morale purposes may be moved out the visualized metrics
set (but still tracked internally perhaps). Another way that a metric outlives its usefulness is that the
underlying technology or process may have changed, and thus the metric is no longer important. As
another example, a metric may have been a problematic issue in the past but recently has always been
consistently performing at a high level. If the metric is not critical, it can be moved off the visualized
metric set (though perhaps tracked) to make room for more urgent metrics.
A manager should be open to the fact that metrics change, and also be open to allow metrics to be retired.
In fact it is important that all metrics be reviewed periodically, for example yearly, to ensure their
relevancy to the organization.
2.3.8 #8 Taken Seriously
The aforementioned seven points discuss characteristics of a good metric as individual data points. When
viewing a metric as an individual entity, the metric should satisfy the criteria above. From this point
forward, the chapter will shift to a discussion of the characteristics of a metrics set.
For the purposes of this thesis, a metrics set is the collection of key metrics, or key performance
indicators, which is reviewed periodically by the organization to assess current performance. It is often
the case that this metrics set is visualized in a dashboard and available for access to all employees within
the organization. Thus it is important that not only each individual metric be considered carefully, but the
metrics set as a whole be crafted with careful consideration.
The first characteristic of a good metrics set (and the eighth characteristic overall) is that a metrics set
should be taken seriously. It was discussed previously that a metric can drive the wrong behavior if
designed poorly. However, it is also possible that a metrics set can drive no behavior at all if it is not
taken seriously.
An illustration of this matter is helpful from an experience at Semicorpe. As discussed previously, at one
point the balanced scorecard set of metrics was useful. However, in the months prior to the research
project the metrics set was no longer taken seriously. Often times a metric would fail yet, due to violation
of one or more of the seven principles provided above, no one was incented or able to take actions to
change the metric to a passing "green" state for the next month. Thus over time the metrics set review
process became a formality: create the metrics, "review" them in a short meeting, and take no action until
the next meeting. The metrics set was not taken seriously and no behaviors were changed accordingly.
Anecdotally, a metrics set that is always "red" can be likened to the folk story of the boy who cried wolf.
As the reader may recall, the boy lives in a village and shouts "a wolf is coming" to the inhabitants, who
react accordingly and are upset when they realize that the boy fabricated the story. The boy does so again,
and again the village reacts similarly, first with alarm and then with disdain for the boy. Finally when a
real wolf appears and the boy sounds the alarm, the village ignores him and the wolf eventually wreaks
havoc on the village. Though the analogy is imperfect, the lesson can be applied to a metrics set. If a
metrics set has failing or "red" metrics which are not acted upon after each metrics review period, the
organization gets accustomed to such metrics being ignored. However, if in a certain month a metric fails
and has dire consequences if left unattended, since the organization has been conditioned to ignore "red"
metrics, the organization can suffer unnecessarily due not taking the metric set seriously.
Related to a metrics set being taken seriously is the fact that there must be accountability with a metrics
set. Employees must be accountable for the performance of metrics they own. If the performance
measurement system in place does not hold people accountable for missed metrics, then employees do not
strive to improve performance on those metrics, and in turn the metrics set is not taken seriously.
Accountability must be built into a metrics set review process for themetrics set to be effective.
2.3.9 #9 Concise
The second characteristic of a good metrics set is that it is concise. In other words a metrics set should be
limited to key performance indicators only. While there is no fixed number, a general rule of thumb is 8
to 12 first tier metrics is appropriate. A metrics set being concise can be seen as an application of the
Pareto rule which states that 80% of effects come from 20% of causes [32]. For application to metrics, it
can be said that 20% of possible metrics will provide 80% of the information needed to monitor and
operate an organization. As mentioned by Hubbard [18], "Only a few things matter-but they usually
matter a lot." Having too many metrics on a metrics set dashboard dilutes the value of the key metrics,
making it unclear which are of primary value and importance. One way of addressing this issue is to have
tiered metrics-some metrics are given level one importance, some given level two-or to have
aggregated metrics-multiple submetrics that are aggregated into a single top-level metric, as seen in
[12].
At Semicorpe the principle of conciseness was used to generate a new set of metrics for each functional
area within the FSMP organization. A subteam for each functional area with FSMP was created and
asked: "If you were going to select only two to four key metrics to measure your area of work, what
would they be?" Limited the metrics to a critical few helped guide the subteams to focus on the most
important and critical metrics.
2.3.10 #10 Complete
A metrics set should be complete, covering all key processes and functional areas within an organization.
This is best illustrated by an example. At Semicorpe within the FSM planning group, there are different
roles or functions within the organization. These roles include: planning managers, planners, production
control technicians, and employees within specialized groups. For simplicity assume that 25% of
headcount are in specialized groups, 10% are FSMP managers, 25% are production control technicians,
and 40% are planners. The FSMP current balanced scorecard does not have a single metric which
explicitly measures the operational performance of the specialized groups or the production control
technicians, comprising 50% of headcount. If headcount percentage is used as a rough proxy of
percentage of work performed within an organization, then the metrics do not measure 50% of the work
being performed within FSMP. Thus, even if every metric on the scorecard was effective and well-
designed, the metric set is incomplete, not covering all functions and core processes.
2.3.11 #11 Balanced
A metrics set should be balanced, covering not only a single area of performance but multiple areas to
ensure that the performance of the organization continues at a high level. The most well-known example
of a balanced metrics set is of course the balanced scorecard introduced by Kaplan and Norton [7], as
shown again in the figure below.
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Figure 7. Kaplan and Norton's balanced scorecard [151.
Kaplan and Norton's research found that: "managers should not have to choose between financial and
operational measures. In observing and working with many companies, we have found that senior
executives do not rely on one set of measures to the exclusion of the other. They realize that no single
measure can provide a clear performance target or focus attention on the critical areas of the business.
Managers want a balanced presentation of both financial and operational measures" [7]. They thus
suggested that a balanced metrics set be created from four perspectives: financial perspective, customer
perspective, learning and growth perspective, and internal business process perspective. This would
ensure a manager obtains all the necessary information for a full understanding of the organization.
At Semicorpe, the original balanced scorecard for FSMP consisted of four areas: financial and
productivity, customer, people, and internal business processes. Though some of the other of the thirteen
metrics characteristics were violated, the Semicorpe scorecard on the whole was balanced.
2.3.12 #12 Aligned
A metric set should be aligned with the metrics set of all other organizations that directly interface with
the organization. As mentioned previously, this is essential in organizations which are interconnected and
have multiple groups that perform different functions along the value chain, where each group is
dependent on the other. In the figure below, the organization under study has a parent organization above
it (which also has a parent organization above it, etc.) as well as an upstream organization and a
downstream organization which it interfaces with it. It is important that the metrics of the organization
under study be aligned with those of the parent organization, as well as the in-line organizations
(upstream and downstream).
Parent Organization
Upstream Organization Under Downstream
Organization Study Organization
Figure 8. Aligning metrics sets to interfacing organizations.
Consider for a moment the parent organization. If the parent organization measures quality of products
produced as its primary metric yet the organization under study measures quantity of products produced
as its primary metric, then the two organizations' metric sets are misaligned. This can cause confusion
and frustration to both organizations, as doing well on a metric important to one may reduce the ability to
do well on a metric important to the other.
As an example of alignment within inline (upstream and downstream) organizations, a situation from a
government hospital will be provided [34]. In this situation, a particular government hospital in the New
England area was having issues with bed capacity. As a point of background, the hospital's intake was
typically through its emergency department or from pre-scheduled medical procedures taking place within
the hospital. The hospital's outtake was typically to a secondary care government facility (or equivalent
private care facility) or direct discharge. The problem the hospital was facing was a bed shortage-the
hospital was overcrowded and forced to house patients in nearby private hospitals at a high expense. After
research into the problem, it was found that among other issues there was a misalignment of metrics
between the hospital and its secondary care facility. The hospital was measuring itself on patient
throughput, how quickly it could get patients into and out of its care; this led to a goal to discharge
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patients as efficiently as possible. However, the downstream organization of the secondary care facility
measured itself on bed utilization; that is, at any moment, what percentage of its beds were full. Thus, the
secondary hospital was indirectly incented to keep patients longer, because keeping a patient longer
meant the bed continued to be full. This conflict in metrics was one of the major factors causing the bed
capacity problem at the primary hospital. This is an example of an organization and its downstream (or
upstream) organization having metrics that are in misalignment with each other.
At Semicorpe, during the process to revise the metrics set, the key strategic objectives and metrics of the
parent organization (both one level and two levels above) were taken into account to ensure proper
alignment. A well-known example of the use of alignment of metrics within an organization is Hoshin
Kanri, or policy deployment. Hoshin Kanri uses a system of plan, do, check, act to execute high-level
strategy by breaking down the strategy into actions and metrics at lower levels of the organization. More
information on Hoshin Kanri can be found in the references here [35] [36].
2.3.13 #13 Visible
Another characteristic of a good metrics set is that it should be visible to the entire organization. The goal
of a metrics set is to foster behavior change and improve performance in an organization. However, if
members of the organization do not know what metrics they are being measured on, they are not in a
position to improve those metrics.
For example, at Semicorpe within the FSMP planning group the original balanced scorecard could only
be viewed by the planning managers and the FSMP head, which comprised about 10% of the
organization. That indicates that 90% of the organization was not able to see the performance of the
organization as a whole. In fact when having interviews with various members of the organization and
showing them the current scorecard, some mentioned they had never seen the scorecard before and were
unaware of some the metrics and their meanings. A more common answer was that they had seen some of
the metrics which they were responsible for but were unaware of the others. Thus, this did not allow the
organization as a whole to have a rallying point for performance improvement.
A good example of an organization that created a visible metrics set was Raytheon, the large aerospace
company described in [13]. The company created a real-time IT monitoring system which could track
various manufacturing metrics and displayed the metrics throughout the facility with frequent updates.
This helped to incentivize employees to meet performance goals as well as gave them visibility to see
how their actions affected those metrics. An interesting side-benefit to the visual display of metrics is the
matter of competition within groups. If ten groups perform the same function and metrics from all groups
are displayed together, then indirectly, friendly competition between the groups may enhance the overall
performance of the organization.
Related to a metrics set being visible to the entire organization, a metrics set should:
* Be granular and offer drill-down capability. As mentioned previously, a high-level metrics set
may not be actionable for individual employees. For example, if a metric is the average
throughput rate of all factories in the company and that metric fails, it is difficult to ascertain
which factory or factories caused the issue. No real actions can be taken without the proper
granularity.
* Show trends. A metrics set visualization or dashboard should show trends. Just as in statistical
process control a single failure outside the normal operating bounds is not as significant as a
failing trend, it is important to know whether a failing metric is an isolated incident or part of a
trend. The response to such a failing metric will be determined by the nature of the incident.
* Allowfor comments. A metrics set visualization should allow for brief user comments. If a
metric on the metrics set fails due to an unusual incident (factory shutdown, accident, etc.) it is
helpful to have a small section of comments to be able to justify or mitigate any immediate
concerns on the metric set.
2.4 Summary
This section of the thesis has shown thirteen characteristics of a good metric and a good metrics set. It has
also qualitatively discussed successes and failures of the Semicorpe FSMP current balanced scorecard
approach along these thirteen characteristics. Though the discussion focused on Semicorpe, it should be
noted that these thirteen are intended to be a broad guideline for any interconnected organization seeking
to have an effective metrics set which improves organizational performance.
3 Metrics Set Design Methodology
This section of the thesis describes a methodology in which an organization can produce an effective set
of metrics. These metrics can either be created from scratch or revised from a current set of metrics. The
methodology will be illustrated by its step-by-step implementation in Semicorpe's FSMP organization.
Recall from the previous section that the organization had a pre-existing set of metrics which were
deficient. This chapter delves into further details of the deficiencies of the current system and proposes a
general methodology to create a new, effective metric set from an old, ineffective metric set.
3.1 Team Formation
The first step required to create an effective metrics set is to create a team, or task force, within an
organization for this purpose. Ideally, the team should be composed of members distributed all
throughout the organization, with representation:
e Horizontally, across the different functions of the organization
* Vertically, from senior managers to line workers
* Geographically, across countries or regions
The reason for such a composition is to enable the metrics set to be complete. A good metrics set should
cover the performance of all key staff and functions, thus it is necessary to have representation across all
functions in the generation of the metrics. Different geographies may also have different perspectives or
country-specific needs which should be heard in the metrics generation stage.
In addition, such a composition allows the organization to achieve buy-in. A metrics set which is driven
top-down from senior management is not as effective as one with metrics created from every level of the
organization, or at least with the input and feedback of every level of the organization. If a top-down
approach is used, line workers may feel their voice is not heard; in addition, line workers may not agree
with the metrics selected and may "play along" or "game the system" in order to meet the metrics without
driving true performance improvement. During interviews with Semicorpe FSMP employees, it was clear
there were some current metrics which many line workers felt were deficient and could potentially drive
the wrong behaviors.
At Semicorpe a team of eight was formed to create a new metrics set, composed of the following
members:
* Thesis author (intern), Northeast US Plant
" Planning manager, Northeast US Plant
" Planning manager, Western US Plant
* Planning manager, Southwest US Plant
* Planner, Northwest US Plant
* Planner, Western US Plant
* Planner, Europe plant
* Production Control Manager, Southwest US Plant
Thus, the team met the requirement of horizontal, vertical, and geographic coverage. In addition to the
team members listed above, the team also had regular interactions with other geographies and some of the
specialized groups mentioned previously. Since the specialized groups were each different in nature and
function and comprised approximately 25% of the total organizational headcount, it was decided to not
include representation in the original metrics team, but include these groups later in the process as will be
discussed further below. Once a dedicated team has been created, the team can begin a structured process
to define a new metrics set.
3.2 Metrics Design Methodology Overview
The proposed methodology demonstrates a structured process by which an effective metrics set can be
created. Though the methodology is shown as a means to create a new metrics set from an old metrics set,
it can be easily adapted to generate a new metrics set for an organization which has no existing metrics.
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The metrics design methodology begins with four inputs and is followed by a number of specific steps.
These will be discussed in brief below and then outlined in detail through the implementation of each step
with the Semicorpe FSMP organization. The following figure demonstrates the overall methodology:
Current Metrics Strategic Characteristics of Parent Org
Set i Objectives I I a Good Metric I I Metrics I
input I
ps, activity
Figure 9. Metrics design methodology.
3.2.1 Input Variables
The process begins with four input variables. The first variable is the current metrics set, the metrics set
the organization is presently using.
The second input variable is the collection of strategic objectives of the organization. Since metrics
should drive an organization to reach its goals, it is important that all members of the team become
acquainted with the strategic goals of the organization. Requiring this input often has other desirable,
indirect effects on the process. For example, during the process it may be discovered that the organization
does not have well-thought out strategic goals; thus a great deal of preparatory work would be required to
generate these objectives. In another scenario, the objectives may exist but may be outdated. Again, this
would force the organization to take some time to rethink the current objectives in a serious way. In the
case of this research project, a set of strategic objectives was already in place.
The third input variable is what we call the "characteristics of a good metric." In other words, training is
required for all team members to understand what constitutes a good metric as well as a good metrics set.
This list of thirteen characteristics was presented in the previous chapter.
The fourth input variable is the metrics of the parent organization. This input can also be adapted to
include the metrics of all organizations that the organization in question interfaces with, either parent,
upstream, or downstream. These metrics sets provide guidance to ensure the organization does not create
a conflict with the organization it supports and/or reports to.
3.2.2 Design Steps
The first design step is to score the current metrics set based on the characteristics of a good metric
discussed earlier (which in turn are influenced by the organization's strategic objectives and parent
organization metrics). In the scoring process each metric is given a score along several factors, and the
metrics set as a whole is also scored along several factors. This process provides some quantitative
evidence of the effectiveness of the current metrics set.
The next design step, which can take place in parallel with the first, is the generation of a new set of
metrics. The team can be divided into different functional areas and tasked to come up with appropriate
metrics for each functional area. These metrics can include entirely new metrics, modifications to the
current metrics, or the current metrics in unmodified format.
After the current metrics have been scored and the new metrics have been generated, the next activity in
the methodology is to reconcile these two together. Through discussions of the quantitative results of the
scoring and further analysis, the two sets are reconciled to create an initial new metrics set. After the
initial new metrics set is created, it is iterated multiple times within the team based on feedback from the
team itself as well as other members of the organization.
When the initial new metrics set is in stable form, other groups within the organization who were not on
the original team are now asked to submit metrics for their particular groups to be included in the overall
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metrics set. The metrics from these groups are added to the initial new metrics set and consolidated
together to form a new final metrics set. This final metrics set is now iterated not within the original team
but within the key decision-makers throughout the organization to create a stable version of the metrics
set.
3.2.3 Modifications Due to Heterogeneity of the Organization
As noted above, an additional step is required when the organization under study is heterogeneous, rather
than homogeneous. Heterogeneous organizations have groups within them which are specialized in
function. In homogeneous organizations all the constituent groups have the same function. For example,
if the organization consists of ten groups and each group performs the same function but in different
geographic locations, then the organization is a homogenous one. In this case, barring geographic or
country-specific nuances, the metrics set devised by the team can be applied to all groups equally.
Referring to the design methodology, there are no "specialized" groups and additional steps to integrate
the metrics of the specialized groups are not necessary. However, consider an organization that consists of
ten groups; of the ten, eight groups perform the same function but in different geographic organizations,
and two of them perform completely different functions (different from each other as well as different
from the eight). Thus there are two "specialized" groups within this heterogeneous organization.
In the proposed methodology, for a heterogeneous organization the metrics set definition occurs in two
stages. First a team is formed of those from the functionally-similar groups and an initial new metrics set
is created. After this initial new metrics set is complete, input from the specialized groups is solicited and
consolidated into a final new metrics set.
3.3 Application of Metrics Design Methodology to Semicorpe's FSMP
Organization
This section of the thesis will describe the application of the design methodology used to create a new
metrics set for Semicorpe's FSMP organization.
3.3.1 Score Current Metrics
The first step taken after the initial team formation was the scoring of the original metrics based on the
characteristics of a good metric, the strategic objectives of the organization, and the metrics of the parent
organization. The original metrics set (where original is used for current at the time of the beginning of
the research) consisted of the following sixteen metrics, as shown in the figure below:
Current Metrics
New Product Metric
Customer Metric
Planning Metric A (Type 1)
Planning Metric A (Type 2)
Labor ProductiAty Metric
Financial Metric
Headcount Metric
Safety Metric A
Safety Metric B
Safety Metric C
Training Metric A
Training Metric B
Training Metric C
Lean Metric
Ergonomics Metric
Managerial Metric
Figure 10. Original metrics set for Semicorpe's FSMP organization.
These metrics were grouped into four categories: financial and productivity, customer, people, and
internal business processes. The metrics are not discussed in detail for confidentiality purposes.
The team was provided brief training on the characteristics of a good metric, the strategic objectives of
the organization, and the key metrics of the parent organization. After this, a scoring template was
provided to score the current metrics set. The scoring template provided is shown below, which is
modified but based on initial work presented in a preceding project [3]:
Individual Metric
K1- Pmuc Nbfi I I l
Customer Metric
Planning Metric A (Type 1)
Planning Metric A (Type 2)
Labor Productivity Metric
Financial Metric
Headcount Metric
Safety Metric A
Safety Metric B
Safety Metric C
Training Metric A
Training Metric B
Training Metric C
Lean Metric
Ergonromics Metric
Manageral Metric
Metrics Set
Aggrerate Merics Setll Scorecard
Figure 11. Metrics scoring template.
For each individual metric, each team member was asked to score the metric based on eight
characteristics: aligns to strategic objectives, aligns to key processes, actionable, right measure,
controllable, minimal data collection, simple, and key performance indicator, as shown in the table below.
For the metrics set as a whole, each team member was asked to score the entire metric on six criteria:
complete, visible, portrays progress, granular, balanced, and drives accountability. (Note these
characteristics are slightly different from those thirteen presented in the previous chapter, as the scoring
was based on an earlier version of the set of these characteristics. However, their basic implications are
the same.)
Individual Metric Criterion Description
Aligns to strategic objectives Metric is aligned to one or more strategic objectives
Aligns to key processes Metric is aligned to one or more key processes
Actionable If metric is a "red flag", specifies what needs to be done and by whom
Right measure The metric is a right way to measure the underlying attribute
Controllable Metric can be controlled by or easily impacted by known actions
Minimal data collection Data for this metric is easy to collect
Simple Simple to understand this metric
Key performance indicator This metric is very important to track for the organization
Metrics Set Criterion
Complete Metrics set is complete and does not miss anything important that should be
measured
Visible Metrics set visible by all members of the organization at any time
Portrays progress Metrics dashboard shows historical trends in clear graphical manner
New Product 
Metric
Granular Metrics dashboard provides method to drill down to find source of the problem
Balanced Metrics set measures from balanced set of areas (financial, people, process, etc.)
Drives accountability When metrics set is reviewed people feel accountable, driving behavior change
before next review process
Figure 12. Metrics scoring criteria table.
The results of the scoring, in terms of average scores from the team, are shown in the following figure:
Individual Metric Average
New Product Metric 7.8
Customer Metric N/A
Planni Metric A T 1
Planni Metric A T 2
Labor Productivi Metric
Financial Metric
Headcount Metric
Safen Metric A
Safety Metric B
Safety Metric C 8.2
Training Metric A .8
Training Metric B 7.7
Training Metric C 6.2
Lean Metric
Ergonomics Metric 8.3
Managerial Metric 6.8
Average 7.1
Metrics Set Average
Au gatMetrics Set 2 Scorec5
Figure 13. Scoring average of original metrics.
In the figure the raw average assumes each of the criteria is equally weighted. The weighted average
allowed each team member to weigh the importance of each criterion. The results of such a weighing
decomposition are shown in the figure below. From the analysis, the raw and weighted scores provided
roughly the same results in the scoring, and thus only the raw score is discussed further.
| | 4.A 4.56
Relative Importance of Criteria
Figure 14. Weighing the characteristics of an effective metric.
For the individual metrics, it was clear that the Planning A metrics were considered to be effective and
strong, with raw scores of 8.1 and 8.3 respectively. The Labor Productivity metric was widely considered
to be unactionable and not important, with a raw score of 2.7. The other metrics each had strengths and
weaknesses, with scores varying from 6.4 to 7.7.
The metrics set as a whole did quite poorly, with an overall average score of 4.6. The only criterion in
which the set performed well was the balanced characteristic, due to the nature of the balanced scorecard.
However, the current metrics set was not visible to all members of the organization, did not portray
progress in trends, was not granular with drill-down capability, and did not drive accountability. This data
helped to quantify what most team members had an intuitive understanding of: the current metrics set was
broken and needed significant revising.
Some elementary statistical analysis was performed to aid in the metrics decision process. The first
analysis was a range analysis, or maximum minus minimum. In this analysis the largest score was
subtracted by the smallest score to show the range of absolute variability in the team's scoring. The larger
the range, the greater the disagreement between two or more of the team members. The results are shown
as follows:
Individual Metric Max-Min
New Product Metric 4.0 1 .a 5,0 4.8 4.9
Customer Metric N/A N/A N/A N/A N A N/A N/A
Plannin 3.5 3.6
Plannin Metric A T 23.3
Labor Productivit Metric5.50 5040 1 60
Fini 40 0 4.3 4.2
readcount Metric 4.9 5.2
Safnn Metric 4.2
Saft ercB5 4.6 4.9
SaeyMti &01 6.0 6.2
Trann MercA8. . . 0 6.0
T 5.3 5.2
Trann ercC20 . . 5.0 5.0
Lean Metric 34 6.. 1 50 3.0 2.9
Managerial Metric 1 5.0 1 5.0 1 4.0 6.0 5-0 :U 4 , 10 50 4.3 4.4
Average 1 4.3 4.9 4.6 5.3 4.5 4.1 3.3 5.2 4.5 4.6
Agrgate Metrics Set / Scorecard .0 .0 1 4.0 1 306.8 5,9
Figure 15. Metrics scoring range analysis.
As can be seen in the figure, a red color indicates large disagreement and a green color indicates small
disagreement. The primary takeaway was that the Training metrics had some areas of disagreement. Some
team members felt the current system of training via online classes and certification was sufficient. One
team member in particular felt the system was not effective since it only tested if an employee took the
online training, rather than testing if the training was put into practice in the workplace. Also noted was
the dramatic difference in consideration of whether the current metrics set was complete, covering all key
functions and processes in the organization.
The next statistical analysis which was performed was an analysis of the standard deviation of the
responses. The results are shown below:
Individual Metric Std Deviation
Raw Weigrfed
- p [Average Averag
New Product tric2.0
Customer Metric N/A NA N/A NA NIA N/A N/A N/A
Plannin 1.4 1.4
Plannin .2 1.2
Labor Productivi 1.9 1.9
Financial Metric 1.4 1.6 2 1.8 1.7
Headcount Metric -23 2.0 2.1
Sain Metric A1.8
Sainin 2.1 2.1
Trfeni Metric C1.aTr 23 23
Trann rcC17. 2.0 2.0
Lean Mrialc 1 M r 21 1.2 1.2
E 2.0 2.0
Managerial Mletric 1.9 _ 2. 2 I 2.1 | 1.5 1.6fj 1.7 1.8
Average 1.7 2.0 1.9 2.1 1.9 2.0 14 2.2 1.9 1.9
Arerate Metrics Set /Scorecard 2.0 23 1.86 2.1 2.2
Figure 16. Metrics scoring standard deviation.
Similar to the range analysis, the standard deviation analysis showed that there was disagreement on the
validity of the Training metrics and the completeness of the metrics set as a whole. The next analysis
performed was a metrics correlation coefficient calculation. In this calculation, the correlation coefficient
of the average score of each metric-characteristic pair was computed. A correlation coefficient of 1
indicates perfect positive correlation, and a correlation coefficient of -I indicates perfect negative
correlation. Recall that the correlation coefficient of two random variables X and Y as is follows:
Pxy E[(X -p )(Y -p,Pxy
Figure 17. Correlation coefficient analysis.
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The purpose of the correlation coefficient analysis was to determine which metrics could be merged or
combined together to create an aggregate metric. As seen in the figure, there was a high degree of
correlation in the scores between the Planning metrics, thus these metrics could be combined together into
a single metric if necessary. In addition, the Safety metrics were quite correlated. These metrics measured
different aspects of safety compliance, thus they could potentially be combined into a single safety
aggregate metric. Finally, the Training metrics were also highly correlated. This metrics measured
compliance to different training programs within Semicorpe and could potentially be combined into a
single aggregate training metric. Thus the correlation coefficient analysis helped to allow metrics to be
combined to create a more concise metrics set.
3.3.2 Generate New Metrics
The next step in the proposed methodology is the generation of new metrics for the organization. Though
shown as a parallel step, this can take place either in parallel with the metrics scoring or in sequence after
the scoring.
In the case of Semicorpe, this process took place in parallel. The team scored the current metrics and were
tasked to create new metrics (before the team reviewed the overall results of the scoring). To allow for
functionally-relevant metrics and prevent overlap, the team was broken into four subteams of one to three
persons with each subteam focusing on a particular functional area within the organization. The subteams
were asked to develop at least four new metrics according to the following criteria:
* Each metric should be aligned to one of the metric categories of the parent organization. The
parent organization of FSMP had specific metric categories aligned to strategic objectives and
hence each of FSMP's metrics should align to one of these.
" Each metric could be a new metric, a modification of an existing metric, or a carryover of a
current metric.
* A metric design template should be used, regardless if new or modification.
e Consultation with peers from other sites is encouraged, if desired.
* Focus should be placed on metrics that apply to the designated functional area of responsibility.
As mentioned above each metric designed was to conform to standard according to a metrics design
template which is shown below. The template is a modification of a template first introduced in [12] and
[33]:
Figure 18. Metrics design template.
The standardization of the metric design process according to the template was to ensure particular
characteristics of a good metric were being heeded. Particularly, the characteristics of #1 strategic, #2
actionable, #3 timely, #4 easily explained, #5 "right behavior driving," #6 worth collecting, and #7
relevant were built into the template to varying degrees. The template was also used to encourage
specificity-rather than mentioning a general concept such as throughput or accuracy, the metric template
caused each subteam to consider the specific details of each metric's purpose, data collection, and actions
required. Finally the metrics template ensured uniformity, allowing each metric to be compared equally to
Name of metric
Description of metric
Parent org metric category(-ies) aligned to
What area of scope or key process does metric
measure?
Target value
Update frequency
Source/location of data
Who would obtain data and calculate the
metric?
Who should act if metric indicates a problem?
What action should that person take if metric
indicates a problem?
Comments
Metric author(s)
... . ... - -------------- 
- ----- . ..... ......... - -- - -
I
others. A list of proposed metrics created by the team is below. These metrics only include metrics that
were completely new, and not modifications of current metrics:
Proposed Metrics
Planning Metric B
Planning Metric C
Planning Metric D
Updated New Product Metric
Process Health Metric A
Process Health Metric B
Production Control Metric A
Production Control Metric B
Production Control Metric C
Production Control Metric D
Production Control Metric E
Production Control Metric F
Manufacturing Metric A
Manufacturing Metric B
Updated Customer Metric
Figure 19. Proposed metrics.
3.3.3 Reconcile Current and Proposed Metrics to Generate Initial New Metrics Set
The next step in the methodology is to reconcile the current and proposed metrics to generate an initial
version of the organization's new metrics set. This reconciliation step is time intensive and may involve a
day or multiple days of face-to-face meetings. In the case of Semicorpe, this was done in one day via a
virtual face-to-face meeting (i.e. high-definition videoconference).
The process begins by considering each of the current metrics. Based on the scoring of each metric and
input from the team, a decision was made to do one of three things with each current metric:
* Keep the metric in unmodified form-shown in green below
* Modify the metric and keep/combine the modified metric-shown in orange below
e Remove the metric-shown in red below
For Semicorpe FSMP, the results of the decision are shown below:
Current Metrics
Figure 20. Mapping current metrics to new metrics.
As can be seen, of the 16 current metrics, five were removed from the new metrics set, one was passed
through unmodified, and the remaining ten became five metrics. Thus the current metrics set produced six
metrics in the new metrics set.
After the current metrics are scored, a similar process should be followed for the proposed metrics, with
the decision being:
* Keep the metric in unmodified form (or modify the metric during the meeting)-shown in green
below
e Remove the metric-shown in red below
During the reconciliation meeting at Semicorpe, for the newly proposed metrics, each subteam was asked
to discuss the merits of their proposed metric and address the pros and cons of the metric. After a series of
discussions, a consensus was reached and the results of the reconciliation were as follows:
New Metrics
Pronosed Metries
Figure 21. Proposed metric reconciliation.
Of the fifteen proposed metrics, six were passed on to the new metrics set. A common deficiency in the
other proposed metrics was related to the "worth collecting" characteristic. In particular the data required
for these metrics were not feasible to collect. In most cases, the IT systems were not in place to obtain
data to drive the metrics, hence the metrics were tabled for action in the future.
3.3.4 New Metrics Set and Team Iteration
The initial new metrics set consisted of twelve metrics-six from the current metrics set and six
completely new metrics-and were iterated multiple times within the team after the reconciliation phase
to arrive at a stable state. The initial new metrics set was segmented into two categories: operating and
organizational. These two categories were refinements of the original categories of the balanced
scorecard, which were financial and productivity, customer, people, and internal business processes. The
operating metrics were considered to be tier-one metrics and the organizational metrics to be tier-two
metrics. The initial new metrics set, consisting of eight operating metrics and four organizational metrics,
is shown below:
New Metrics
Planning Metric C Financial Metric
Manufacturing Metric A Managerial Metric
Manufacturing Metric B
Updated Customer Metric
Lean Metric
Production Control Metric
Figure 22. Initial new metrics set.
3.3.5 Consolidate Metrics from Specialized Groups
The next step in the proposed methodology is to consolidate metrics from the specialized groups. This
step is an optional step and is only implemented for heterogeneous organizations. Homogenous
organizations can skip to the next step of the methodology.
As discussed earlier the Semicorpe FSMP organization is a heterogeneous organization with ten
homogeneous groups-groups performing the same function in different geographies-and four
specialized groups. At this time in the process, the input of each of the four specialized groups was
solicited. In essence, each group was asked to select two to three key metrics to measure their
organizations which would be suitable to place on the top-level FSMP organization metrics set. These
metrics should not include the esoteric internal metrics which drive the internal workings of the
organization, as this may violate the #4 easily explained characteristic. They should only include high-
priority metrics which the specialized groups want to make visible to members of the entire organization.
The two to three key metrics would then be aggregated into a single group health metric indicating the
overall health of the group. The group health metric would have drill-down capability, as discussed in a
subsequent chapter, to be able to view the component submetrics.
It was proposed to the FSMP organization that an additional four specialized group health metrics be
added to the operating metrics, one for each specialized group. At the time of the writing of this thesis,
these metrics were still in formulation and placeholders were created in the metrics set and dashboard.
The four group health metrics are shown below:
Training MetricPlanning Metric B
Group Health Metrics
Group 11 Metric
Group 12 Metric
Group 13 Metric
Group 14 Metric
Figure 23. Group health metrics for specialized groups.
3.3.6 New Consolidated Metrics Set and Iteration
The final step in the proposed methodology is to create a consolidated metrics set, called the final new
metrics set, and iterate this set with the organization's senior management. To this point, the core of the
design of the metrics set has been in the hands of the design team. At this point, the metrics set is opened
to the management team as a whole for review and iteration.
For the Semicorpe FSMP process, the primary discussion of the metrics set and iterations took place at a
face-to-face meeting wherein all managers from 14 groups worldwide plus the FSMP head met together.
A half-day session during these gathering was dedicated to the presentation of the new metrics and the
testing of the new business process and dashboard. It should be noted that several pre-meetings had taken
place-including a pivotal meeting regarding the characteristics of a good metric-with the FSMP senior
management in preparation for the meeting. The final new metrics set is shown below:
Planning Metric A Safety Metric
Planning Metric B Training Metric
Planning Metric C Financial Metric
Manufacturing Metric A Managerial Metric
Manufacturing Metric B
Updated Customer Metric
Lean Metric
Production Control Metric
Group 11 Metric
Group 12 Metric
Group 13 Metric
Group 14 Metric
Figure 24. Final new metrics set.
The final metrics set consists of twelve operating or tier-one metrics, and four organizational or tier-two
metrics. Of the twelve operating metrics, eight are for the core operating groups and four are group health
metrics from the specialized groups. These final metrics are the metrics implemented and being used as of
the time of writing of this thesis.
3.3.7 Summary
This chapter of the thesis detailed a holistic methodology to design an effective new metrics set based on
a current metrics set for an interconnected organization. It used the Semicorpe FSMP organization as a
case study to highlight the different steps and flows of the process. As a summary, the process includes
the following inputs:
1. Current metrics set
2. Strategic objectives of the organization
3. Training in the characteristics of a good metric
4. Metrics of the parent organization
The steps taken to produce a new metrics set based on these inputs are as follows:
1. Score current metrics (based on the characteristics of a good metric)
2. Generate propose new metrics
3. Reconcile current and proposed metrics
4. Create initial new metrics set and iterate within design team
5. Consolidate metrics from specialized groups
6. Create final new metrics set, and iterate within organization management
4 Business Process Design
This thesis proposes that three components are necessary for an effective performance measurement
system: a well-defined set of metrics, a well-designed business process, and a metrics visualization tool or
dashboard. The previous chapter discussed in detail a proposed methodology to create an effective
metrics set for an organization. This chapter discusses a proposed business process to drive change based
on the newly designed metrics set and will base its arguments on experiences at the Semicorpe FSMP
group. This chapter will be case based in nature. It will discuss the current business process used by
Semicorpe, highlight some of its deficiencies, and then propose a new structure to address these
deficiencies. Some of the points to be addressed will be discussed in the subsequent chapter on dashboard
design.
4.1 Semicorpe FSMP Current Business Process
The Semicorpe current business process (i.e. prior to this thesis research) is shown below. The business
process will be discussed in detail to highlight some issues which were causing the performance
measurement system in place to lack the ability to drive behavior change.
Figure 25. Current business process.
As mentioned previously the Semicorpe FSMP group reviews its balanced scorecard in a monthly review
cycle. Though this analysis is thus based on a monthly cycle, it can be easily adapted to a shorter or
longer cycle as needed. At the end of the current Semicorpe month (based on 52 work weeks in the year),
the process begins. The first step that takes place is the gathering of data. Different members of the
organization designated as the data owners are responsible to retrieve metrics data from various sources.
65
These sources can range from data pulls via Semicorpe's databases, data pulls from other Semicorpe
groups such as finance or human resources, or hand calculations. Once the data are gathered by each
individual, they are emailed to the balanced scorecard owner in various formats.
The balanced scorecard owner uses the emailed data to construct a presentation slide deck which has as
its first page the balanced scorecard, and in the ensuing pages some additional detail for some of the
metrics. To construct the balanced scorecard, the owner consolidates the data provided and enters the raw
data into the balanced scorecard template. Next, the owner decides to assign each metric as red, green, or
yellow based on pre-determined criteria. Finally, the owner opens the balanced scorecard for the previous
month to manually assign a trend arrow as either up, down, or no change for each metric. Once the
balanced scorecard is complete, it is pasted onto a presentation slide. Additional materials are added and
the slide deck file is placed on a shared drive in Semicorpe.
Approximately two to three weeks into the new month, a balanced scorecard review process takes place
via a conference call with a shared presentation. During this review process the balanced scorecard file is
opened by the owner of the scorecard. The main scorecard is reviewed and the auxiliary materials are
discussed as needed. Any action items are discussed and the meeting closes.
4.1.1 Analysis of Current Business Process
As mentioned previously the current performance measurement system-including metrics, business
process, and visualization-has issues which cause the metrics review process to not be taken seriously
and drive any change. In this section we analyze the Semicorpe business process. Though this analysis is
specific to Semicorpe's FSMP organization, the lessons taken can be applied to organizations as a whole
who are implementing a performance measurement system. The problems with the current business
process are as follows:
* Data collection: inefficient manual data collection from databases. The current system requires an
organization member to manually pull data from databases and send this data to the dashboard
owner via email. This is inefficient because an automated database query could be produced
which automatically retrieves the data with no human intervention.
* Data transfer: ad hoc transfer of information to scorecard owner via email. The current method of
transferring data from the individual metric owners to the scorecard owner via email is ad hoc and
inefficient.
* Intermediate review: each of the groups does not have the opportunity to review its own data
before it is published to the FSMP management team.
* Visualization: this will be addressed next chapter but problems here include: scorecard not being
visible to all members of the organization, not easily knowing what red/green/yellow levels
represent, lack of trending data, and lack of ability to drill-down to individual group data.
4.2 Proposed Business Process
The proposed business process addresses these issues and is described in detail below.
Figure 26. Proposed business process.
4.2.1 Gather Data at Month End
. ........... .  ........
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A new data collection process was devised. When the Semicorpe month ends, the data collection process
begins. The data collection is broken up into two types of data: automatically-generated and manually-
generated. All automatically-generated data is pulled directly from databases into the visualization
dashboard without any manual intervention. This eliminates inefficiencies in the previous business
process where various employees were required to manually copy and paste data from database pulls.
The manually-generated data requires data to be calculated manually, as in the current business process.
However, rather than emails being sent from the metric owners to the dashboard owner, a new data entry
process using a web application spreadsheet package was designed. The web application spreadsheet
package is essentially a spreadsheet accessed through a web browser, with data stored on a server instead
of a local computer. The spreadsheet web application is pulled up via a web page and edited via a web
browser interface. No software is needed as all calculations are run on a server hosted by the
organization's IT team.
The advantages of the web application spreadsheet package over typical local spreadsheet software are as
follows:
e Many people can input data on the same web application at the same time
" No software is required other than a web browser
e Real-time analysis of data is possible
The disadvantages of the web application spreadsheet package are as follows:
* No macro support
* No web queries allowed
* Rudimentary integration with other IT systems and enhancements
* An internet connection is required for viewing data
Due to these advantages and disadvantages, the web application spreadsheet package was used only for
data collection and data communication in the Semicorpe FSMP dashboard.
Returning to the manually-entered data process, at the end of each month a metric owner would calculate
the required metric. However, instead of emailing the data to the dashboard owner, the metric owner
would open a web application and directly enter the pertinent data into the web page. All metric owners
enter data simultaneously and efficiently. This process thus solves the ad-hoc nature of data
communication from the previous business process. An example of the web application is shown below.
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Figure 27. Web application example.
4.2.2 Compute Monthly Dashboard
The next step in the proposed business process is the computation of the monthly dashboard. Once the
dashboard owner verifies that all data collection and data entry is complete, the monthly dashboard is
created and made visible to the entire organization for a first-level review.
In the case of Semicorpe FSMP, the dashboard is created by the dashboard owner and published as a
spreadsheet file hosted on a shared drive and which is accessible to all members of the organization.
..... .. .. ....... _-  ........ . ... ...... ...  - - - -- __ - - -__ --- - --__ _ ----
4.2.3 Group Review
After the monthly dashboard has been computed and published, the next step in the proposed business
process is a group-level review. This is a new feature which was not present in the original FSMP
business process.
In this process, each of the 14 group managers reviews the metrics pertinent to his/her specific group. The
review process takes place with the manager's key staff, with the goal of understanding the general
performance of the group in the context of the organization as a whole. As will be discussed, the
dashboard has the ability to show a group's specific metric data within the organization in juxtaposition
with the overall organization's performance on the same metric.
For each failing "red" metric at the group level, the manager is required to insert a comment within a web
application spreadsheet. The comment has a specific format and must discuss the following points:
1. What happened
2. Why it happened
3. What actions planned to correct it (if any)
The comments allow for the manager to deep dive into any problems within the group as well as provide
an explanation to the FSMP management team as a whole once the top-level review begins.
4.2.4 Finalize Dashboard
After all 14 group managers insert comments, the dashboard owner finalizes the dashboard, adding any
additional information and making any corrections necessary. Once the dashboard is finalized the top-
level review process is ready to be performed.
4.2.5 Top-Level Metrics Review
The top-level metrics review is the comprehensive review step which includes all members of the FSMP
organization's senior staff. The goal of the meeting is the revisit open actions from the last review,
discuss the dashboard and progress of the metrics during the current cycle, and discuss future action
points required to improve organizational performance.
The top-level review process at the Semicorpe FSMP organization occurs monthly. The steps taken in the
meeting are as follows:
* Review overall scorecard. With an agenda driven by the dashboard owner, the top-level metrics
of the dashboard are reviewed for any failing metrics. Previous action points from last month are
also reviewed to ensure accountability.
* Deep-dive into failing metrics. The dashboard owner deep-dives into top-level metrics that are
failing. Group managers verbally provide updates on missed metrics. The web application
spreadsheet which hosts group-level comments is loaded for further discussion. Organizational
metrics, i.e. tier-two metrics, are shown but not deep-dived unless necessary. If further
information is needed, a separate meeting is scheduled with the organizational metric owner.
* New action points are assigned as needed. These are based on trends in metrics as well
discussions throughout the review meeting.
The review cycle for FSMP occurs once per month. Due to the visible and structured nature of the new
performance measurement system, the new system drives behavior change, holds people accountable, and
drives continuous improvement throughout the organization.
4.2.6 Meta-Review Process
In addition to the monthly review process, the entire business process and each metric should be reviewed
for effectiveness on regular intervals to ensure the metrics are timely and the business process is
functioning efficiently. This meta-review process can be performed quarterly, bi-annually, or annually as
appropriate.
4.3 Summary
This chapter presented a business process, as part of a performance measurement system, to review a
metrics set at a periodic interval. The business process includes two review stages: one at the group level
and one at the organizational level. These two stages are needed to provide the ability to fully ascertain
the causes of any problems at the most granular level. The chapter also discussed the Semicorpe FSMP
current business process and its deficiencies as a motivation for the design of the new business process.
The proposed business process causes both accountability and performance improvement by driving
change at both the top-level organization and constituent group levels.
5 Visualization and Dashboard Design
This section of the thesis focuses on design of the visualization dashboard. As a review of previous points
mentioned in this thesis, a good visualization technique should possess the following characteristics:
* Be visible to all members of the organization. The members of an organization must be aware of
the metrics and current performance in order to drive toward a high-performing future state.
* Possess drill-down capability. If a metric is failing there must be drill-down capability to allow
for a root-cause analysis on the failing metric. This root-cause analysis is often facilitated via
drill-down capability.
* Show trends. It is not enough to show the current state of the metric, as this does not provide
enough detail whether the metric's performance is an anomaly or symptomatic of an underlying
problem. Showing trends assists in the ability to discern between the two cases.
* Allow for comments. A dashboard design should enable comments to be inserted, allowing for
explanations of failing metrics. In-line comments not only provide the ability to explain incidents
but help with learning. For example, a metric that failed a year ago can be reviewed and the
explanation for its failure may help resolve the issue at hand.
A dashboard implementation which addresses these issues is presented, and the specific implementation
at Semicorpe FSMP is discussed. Though the specific implementation (and its associated IT system) is
not generalizable to all platforms, it does demonstrate a technique to incorporate the visualization design
principles described above.
5.1 Semicorpe FSMP Visualization
The current (i.e. prior to this research) visualization technique of the FSMP organization within
Semicorpe consists of a presentation slide deck. The first slide of the deck shows the balanced scorecard
and the ensuing slides show specific details on particular metrics. The visualization of the scorecard itself
is shown below:
Figure 28. Balanced scorecard current visualization.
The balanced scorecard is divided into four areas: financials and productivity, customer satisfaction,
internal business processes, and people. A brief analysis of the scorecard shows deficiencies in all four
areas mentioned previously:
* Be visible to all members of the organization. The current scorecard is visible only to the 14
managers within FSMP on an access-protected shared drive. Through interviews, it was
discovered that some of the employees in FSMP had never seen the scorecard, causing the
scorecard to not drive behavior change in the organization.
* Possess drill-down capability. Consider the Planning A metric. This metric is related to
production volume and is aggregated across ten different groups representing ten plants. While
keeping confidentiality on the nature of the metric itself, it is sufficient to say that a weighted sum
of each of the ten plant's performance is aggregated into the final number. The weight is
determined by the amount of volume each foundry produces relative to the total volume of the
entire group. When the Planning A metric fails on the top-level scorecard, this could mean that as
few as one or as many as ten groups have failed in this metric. However, in the current approach
. ..... .... ...... .. ........... . . ... ... . ....... ..... 
there is no method to drill-down to see this metric at the group level, making this metric much
less actionable.
* Show trends. The current scorecard has a simple up arrow, side-to-side arrow, down arrow
approach to tracking trends. An up arrow signifies an increase from last month, a side-to-side
arrow signifies no change, and a down arrow signifies a decrease from last month.
e Allow for comments. The current scorecard does not allow for comments on the scorecard itself.
However, the ensuing slides in the slide deck provide ample opportunity for detailed comments to
be added.
As seen by these deficiencies, the visualization tool-coupled with the problematic metrics set and
inefficient business process-was causing the metrics-based performance measurement system at
Semicorpe to fail and not spur continuous improvement.
5.2 Proposed Visualization Dashboard
This section discusses the proposed visualization dashboard used to remedy the deficiencies of the
Semicorpe FSMP scorecard. A brief overview of the IT structure is presented as a background, and then
the dashboard itself is presented with some of its salient features.
5.2.1 Dashboard IT Structure
The proposed FSMP dashboard is a permission-controlled spreadsheet file located in a shared services
website. The file is easily accessible through a web hyperlink and is made available by access control to
every member of the FSMP organization. A brief overview of the dashboard IT structure is shown below.
Web Application
Spreadsheet Package
Web Queries
Query
Figure 29. IT architecture for dashboard.
The dashboard initially consists of a blank dashboard template on the shared services website. The
dashboard owner, who controls the entire dashboard and metrics review process, creates a monthly
dashboard by entering a date in the appropriate field of the dashboard, for example February 2011. The
owner then pushes a query button to pull data from two sources: (1) Semicorpe databases. All data that
can be directly pulled from Semicorpe's databases is pulled directly into the dashboard via macros and
web queries. (2) Web application spreadsheet data-entry database. Recall from the previous chapter that
all manually-entered data is entered on a web application spreadsheet, which data is stored on a
Semicorpe server. The appropriate data is loaded from the web application into the dashboard itself.
Some other features of the dashboard include:
e Data for trending. The dashboard pulls data from the current month as well as the previous three
months in order to produce trend data. The three month window was decided upon by the FSMP
management team. A larger or smaller trend window could be programmed accordingly.
e Access control. Access control for specific portions of the data is controlled on a per employee
basis.
5.2.2 Dashboard Quickview
The next sections detail the major components of the dashboard itself. The first tab of the dashboard is the
dashboard quickview, as shown below. The quick view lists the eight operating metrics followed by four
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organizational metrics. As indicated early, the four metrics for specialized groups have not yet been added
to the metrics set as they are still under formation. The quickview shows the target for the metric, the
performance of the metric over the last three months, the current month's performance, and a status
indicator whether the metric is passing ("green") or failing ("red"). In addition, Sparklines are used for
visualization of trends. Sparklines are mini-graphs without axes which are used to show trends simply and
elegantly as discussed in [37]. Other methods of visualization can be found in [38] and [39]. All data is
artificial and/or obfuscated in the ensuing figures.
FSMP Metrics Scorecard Nov-10
Planning Metric A >= 92% 99% 99% 100% 99.9% *
Planning Metric B >= 95% 88% 87% 90% 91.4%
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Financial Metic < 100% 46% 72% 14% 0.0% 0
Managerial Metric = 100% 100% 100% 94% 100.0% 0
Figure 30. Front page dashboard quickview.
5.2.3 Group-Level Drill Down Dashboard
The next tab of the dashboard is the group-level drill down dashboard. The group-level drill down
dashboard displays the same metrics information as the quickview, but with drill down visibility into the
performance of each group as well. The dashboard shows all sixteen operating metrics (with placeholders
for the metrics of the specialized groups). An example of the group-level drill down dashboard is shown
below. The blank regions indicate placeholders for specialized group health metrics.
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Figure 31. Group-level drill down dashboard.
The key features of the group-level drill down can be examined by zooming closer into a single metric, in
this case the Planning A metric.
'Planning A Populate Zoom In Zoom Out
TKDS KDOR Target
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0 98%
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NOTES: Comments Webform
Figure 32. Group-level drill down dashboard zoomed.
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* Detailed explanation of the metric. By hovering over the red triangle to the left of the name of the
metric, a detailed explanation of the metric appears. The explanation includes the definition of the
metric, how it is calculated, the origin of the data, what levels trigger red, yellow, and green
statuses, and other pertinent information.
* Group-specific data. In this example, the overall metric is indicated in the line TOTAL. However,
in addition to the TOTAL metric each individual group's data is shown. For each individual
group the raw data for that particular month is provided (based on access permissions), followed
by the group's results on that metric for the previous three months and the current month. A
Sparkline with a target line indicated in red is used to visually show the historical performance of
the group. This is a vast improvement over the current balanced scorecard approach as it shows
which particular group is causing a potential failure in the overall metric.
* Comments. The comments hyperlink opens the comments web application, where each group has
posted a comment if the group has failed that particular metric. The comments web application
shows historical comments as well, to ascertain whether this has been a continuing problem or is
a new one.
5.2.4 Individual Group Quickview
Another important feature of the dashboard is the individual group quickview. By pushing a button on the
drill-down dashboard for a specific group, the dashboard reformats to show the metrics only for that
specific group as well as the total metric. The individual group quickview is intended to assist group
managers during the group-level review process mentioned in the previous section. An uncluttered view
of the group's data allows for a clear understanding of the metrics which are failing and passing. An
example of the individual group quickview for Group 2 is shown below.
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Figure 33. Individual group quickview dashboard.
A zoom in of the features of the individual group quickview is shown below. This dashboard provides an
uncluttered view of the performance of the individual group versus the total organization's performance.
Populate Zoom In Zoom Out I Target 98%
Group TKDS KDOR Target Aug-10 Sep-10 Oct-10 Nov-10 Trend
Group2 5,665 0 98% 100.0% 95.0% 100.0% 100.0%
TOTAL 48,027 55 98% 98.9% 99.1% 99.5% 99.9%
NOTES: Comments Webform
Figure 34. Individual group quickview dashboard zoomed.
5.2.5 Individual Group Raw Data
The final component to the dashboard is the individual group raw data, controlled by access control.
When the button for the individual group quickview is pushed, there are five other tabs of raw data which
filter and show the raw data for that specific group for each specific metric (one metric per tab). Thus
during the group review process the raw data can be examined to understand what specific problems
caused a failure in a metric.
5.2.6 Analysis of Dashboard Visualization
This section of the thesis describes an analysis of the new dashboard visualization, similar to the analysis
performed for the original balanced scorecard visualization. The analysis will take place along four
characteristics:
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* Be visible to all members of the organization. The metrics dashboard is accessible as a web link
to all members of the FSMP organization.
* Possess drill-down capability. The metrics dashboard possesses group-level drill-down capability
and allows visibility into each group's data to help root cause analysis.
* Show trends. The metrics dashboard shows trends for the last three months, both via explicit data
as well as trend lines. In addition, trends are shown not only for the organization as a whole but
for each group individually.
* Allow for comments. The dashboard allows for comments to be inserted by each group manager
for each specific metric, to allow for an efficient means of collecting knowledge between groups
and facilitating discussion of failed metrics.
5.3 Summary
This chapter discussed the characteristics of a visualization technique which, in conjunction with a proper
metrics set and business process, creates an effective performance measurement system. An effective
visualization dashboard should be available to all members of the organization, allow for drill-down
capability, show trends, and allow for comments. The dashboard discussed here is an example
implementation of a visualization technique that meets all of the above needs. Though this
implementation is company-specific it serves as a guideline, demonstrating how to incorporate elements
of effective dashboard visualization design.
6 Results and Concluding Remarks
This section of the thesis describes the results and conclusions of the research performed.
6.1 Results and Current Status
The new FSMP performance measurement system was first implemented in its entirety in November
2010, with another iteration performed in December 2010. In general all reviews of the system have been
quite positive, from managers to line workers. The results of the project can be seen in two areas:
* Accurate measure of the state of the organization. In order to improve performance, an
organization needs a baseline to benchmark itself against. The new performance measurement
system provides a clear snapshot of the current state of the organization, uncovering data via new
metrics that were previously unknown. The November 2010 implementation of the dashboard
produced a number of anecdotal stories of confirmation of the data. For example, one supply
planner remarked that she knew that there were certain areas that her group was doing well in and
certain areas that her group was not doing well in. When she saw the data, she strongly agreed
with it and realized that the data provided a quantitative confirmation of her qualitative intuition.
" Behavior change and performance improvement. Even between the first iteration in November
2010 and the second one in December 2010 behavior changes were initially becoming apparent.
For example, regarding one metric a group manager noted that he managed a process differently
than he would have when handling an operational issue, due to the new measurement of the
metric. Other positive behavior changes are sure to follow as the new performance measurement
system becomes ingrained into FSMP culture and groups are held accountable for their
performance.
In December 2010 the FSMP organization officially adopted the new performance management system as
the system-on-record and retired the original balanced scorecard, an indication of stakeholder satisfaction.
Though still somewhat in a testing phase, the performance measurement system is being refined and
continues to improve as more stakeholders provide feedback and become more involved.
6.2 Next Steps
In the future, there are a few areas where the FSMP organization can enhance the implementation of the
performance measurement system.
* Perform a meta-review within six months. The current owner of the dashboard has scheduled a
meta-review of the entire performance measurement system to ascertain how the metrics are
causing behavior change (whether good or bad), and if the metrics set and business process is
meeting the needs of the organization. It is recommended that this meta-review process be
performed periodically, because a metrics set can easily become stale, causing its effectiveness to
wane.
" Implement further IT enhancements. The current visualization dashboard is a spreadsheet file
located on a shared drive with access given to all FSMP employees. Due to IT limitations with
the web application spreadsheet package and access control, a web-based dashboard was not
implemented. Further enhancements could shift the entire dashboard to a web-based dashboard,
using enterprise IT software.
* Knowledge-share with parent organization. Prior to the end of the project, knowledge sharing
took place with FSMP's immediate parent organization, which uses a different methodology and
IT system for performance measurement, which in turn has its own benefits and deficiencies.
Reception to the new FSMP performance measurement system was quite good, thus we
recommend continued knowledge sharing of best practices throughout the entire supply chain
organization at Semicorpe.
6.3 General Applicability
The research presented in this thesis has been based on a case study for a high-tech manufacturing supply
chain organization. However, the principles discussed can easily be broadened to other technology-centric
organizations, and are particularly applicable for organizations which serve in a supporting or auxiliary
role within a parent organization. The lessons which can be applied to other organizations are:
e Characteristics of a good metric. The thirteen characteristics of a good metric can be applied
broadly to other technology-centric organizations. They are pertinent for a top-level organization
as well as an interconnected, embedded organization-one which has connections and
dependencies on other organizations vertically and horizontally.
* Metrics set design methodology. The proposed metrics set design methodology can also be
applied broadly to other organizations. The methodology is suitable to an organization which has
no metrics set in place, or to an organization which seeks to revise and improve its existing metric
set. In addition, the methodology is applicable to organizations that are homogenous (composed
of subgroups and/or team members which all perform the same function) or heterogeneous
(composed of subgroups and/or team members which perform different functions).
" Business process design. The proposed metrics review business process was specific to
Semicorpe, but principles can be gleaned which are applicable to other organizations. In
particular, an organization's metrics review process must include: a straightforward metrics data
collection process, an efficient data aggregation process, clear assignments of metric ownership,
and a periodic and actionable metrics review meeting.
e Visualization/dashboard design. While each organization will have specific IT systems and
controls, it is important that an organization's visualization/dashboard be visible to all members
of the organization, possess efficient drill-down capability to perform root cause analysis, display
trends to ascertain if a failing metric is an anomaly or part of a more serious trend of failure, and
provide the ability for metric owners to comment on metrics to encourage knowledge sharing.
If an organization's performance measurement system possesses a strong metrics set, an actionable
metrics review business process, and a clear visualization/dashboard, then it will be effective to change
organizational behavior and drive performance improvement.
6.4 Concluding Remarks
This thesis demonstrated a methodology to redesign a performance measurement system for an
interconnected organization. The three elements of a performance measurement system-metrics set,
metrics review business process, and visualization dashboard-were discussed in detail, with design
recommendations described throughout the discussion. The performance measurement system possessed
elements unique to Semicorpe's FSMP organization, however, the principles can be applied to other
interconnected organizations.
A major takeaway from this research was not only quantitative but qualitative. Measuring performance
causes behavior changes in employees, for better or for worse. There are a number of organizational
behavior issues that must be addressed to ensure the metrics are taken seriously, drive the right behavior,
and actually improve performance of the group. From this project, we have learned that there is no
substitute for open communication, frequent communication with stakeholders, and feedback from all
levels of the organization. In addition, the strong backing from a senior leader within the organization is
essential to provide a measure of gravitas and seriousness to the performance measurement system. With
strong leadership and open communication, buy-in from all stakeholders can indeed be achieved, enabling
a performance measurement system to have lasting impact.
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